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Background: Recently variation in LIN28B, a human ortholog of the gene-regulating processing of
micro-RNAs (miRNAs) controlling the timing of major developmental events in the nematode
Caenorhabtidis elegans, was reported to be associated with timing of puberty in humans. In C.
elegans, a gain-of-function allele of lin-28 causes a retarded phenotype.

Objective: The objective of the study was to evaluate the variation in the LIN28B gene in 145
subjects with constitutional delay of growth and puberty (CDGP).

Patients and Methods: For this study, 115 males and 30 females with CDGP were included. CDGP
was defined by Tanner genital or breast stage II and pubertal growth spurt taking place 2 SD later
than average. The four coding exons (exons 1–4) and exon-intron boundaries, as well as the
fragment of 3� untranslated region containing miRNA recognition elements A and B, of LIN28B
were PCR amplified from genomic DNA obtained from peripheral blood leukocytes of the subjects
and bidirectionally sequenced.

Results: No variation in the coding region of LIN28B in the 145 subjects with CDGP was found.
However, 16 of 145 subjects carried a 2-nucleotide deletion immediately 5� from miRNA recogni-
tion element A. These patients did not differ in phenotypic features as compared with noncarriers,
and this variant was present in 100 controls with the same frequency.

Conclusions: Our results show that mutations in the coding region or 3� untranslated region miRNA
recognition elements A and B of LIN28B do not underlie CDGP. Lack of any variation in the coding
region of the gene suggests that LIN28B in developmental timing is so crucial that any changes in
the conserved protein would probably be lethal. (J Clin Endocrinol Metab 95: 3063–3066, 2010)

Delayed puberty bears a significant psychosocial stress
for the adolescent (1, 2) and is a frequent cause of

referral to pediatric endocrinologist. Of the underlying
causes, constitutional delay of growth and puberty
(CDGP) is the most common (3). CDGP is at least in part
genetically determined (4, 5), and, although many genes
may be involved, the inheritance patterns suggest that
there are also single genes with major effects (4, 5). Thus,

recognition of such genes and subsequent molecular ge-
netic testing available for patients with delayed puberty
could offer a feasible means for early diagnosis of this
entity.

Very recently genetic variation in and near the LIN28B
gene was reported to be associated with the timing of pu-
berty. Perry et al. (6) conducted a metaanalysis of genome-
wide association data to detect genes influencing age at
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menarche in 17,510 women: the strongest signal was at
9q31.2. The next best signal was at 6q21 near the LIN28B
gene, in which the allele of the single nucleotide polymor-
phism (SNP) rs7759938 associated with earlier age at
menarche was also associated with decreased height. In
the study of Ong et al. (7), the major allele of the SNP
rs314276 (located in intron 2 of LIN28B) was associated
with earlier age at menarche and earlier breast develop-
ment in girls, earlier voice breaking and more advanced
pubic hair development in boys, and faster tempo of height
growth and shorter adult height in both sexes. This SNP
lies in a large linkage-disequilibrium (LD) block of around
200 kb covering the 5� region and the first three exons of
LIN28B. The association of SNPs at 6q21, in or near
LIN28B, with age at menarche was also reported by He et
al. (8); and the same LD block was associated with age at
menarche in 15,297 Icelandic women (9) as well. Of note,
the common variant (rs314277) in the LIN28B gene has
previously been associated with adult height (10), but in
the study of Ong et al. (7), the effects of rs314277 on height
were explained by rs314276 in the same LD block.

LIN28B is a human homolog of lin-28 of nematode
Caenorhabtidis elegans. It was originally cloned and char-
acterized in human hepatocellular carcinoma (11). Many
tumor cells express high levels of LIN28B, and transfec-
tion of LIN28B is crucial in deriving stem cells from so-
matic cells (12). In C. elegans, the heterochronic gene
lin-28 was originally identified through a mutant of the
nematode displaying defects on developmental timing
(13). It is expressed stage specifically in tissues throughout
the animal and required for cell fates to be expressed at the
appropriate stageof larvaldevelopment.Gain-of-function
and loss-of-function mutations result in retarded or pre-
cocious development, respectively (13). The lin-28 family
regulates the biogenesis of let-7 microRNA (miRNA) fam-
ily members controlling the timing of developmental
events. In vertebrates, let-7 miRNA controls Lin-28 trans-
lation, and Lin-28, on the other hand, is required for the
correct timing of let-7 expression during normal develop-
ment, constituting an autoregulatory loop (14).

Because the very recent genome-wide association
studies imply that LIN28B may be involved in human
growth and developmental timing (6 –10) and given the
role of lin-28 in controlling the developmental timing of
C. elegans, we hypothesized that mutations in LIN28B
could underlie CDGP.

Subjects and Methods

Subjects
Patients referred during 1982 through 2004 to specialist pe-

diatric care due to pubertal delay were identified from the hos-

pital discharge records of Helsinki, Kuopio, Tampere, and Turku
University Hospitals and two municipal hospitals in Helsinki
district in Finland (5, 15). Participation was requested of those
fulfilling the diagnostic criteria for CDGP; Tanner genital stage
II (testis volume of more than 3 ml) beyond the age 13.5 yr in boys
and Tanner breast stage II beyond the age 13.0 yr in girls (16, 17).
Medical history, clinical examination, or routine laboratory tests
(blood cell count; thyroid, kidney, and liver function tests; go-
nadotropins; sex steroids; and laboratory tests excluding chronic
infections and celiac disease) excluded chronic illnesses account-
ing for the delayed puberty. Hypogonadotropic hypogonadism,
if suspected, was excluded by GnRH testing and by telephone
follow-up ensuring spontaneous pubertal development. IGF-I
levels were measured and GH stimulation tests were performed
if the IGF-I level or growth pattern suggested for GH deficiency.
Blood sample for DNA extraction was drawn from all together
145 unrelated CDGP subjects, 115 men, and 30 women who
were of Finnish origin. Data and DNA collection were approved
by the Ethics Committee of the Hospital for Children and Ad-
olescents and the Department of Psychiatry, Hospital District of
Helsinki and Uusimaa, and the approval was extended to en-
compass sample collections at Kuopio, Tampere, and Turku Uni-
versity Hospitals. The study was conducted in accordance with
the guidelines of the Declaration of Helsinki. All participants or
their parents or guardians provided their written informed con-
sent. Of the patients 133 had familial background of CDGP, i.e.
occurrence of delayed pubertal growth spurt in at least one of the
first-degree relatives. Familial occurrence was not examined in
12 patients.

In males, Tanner genital stage II was first observed at the
mean (SD) age of 15.07 (0.85) yr and in females, Tanner breast
stage II at the mean age of 13.65 (0.93) yr, which are more than
2 SD later than the average for Finnish adolescents (18). Maxi-
mum delay in bone maturation (19) was 2.54 (0.83) yr and 2.34
(1.10) yr in males and females, respectively. In males, the mean
age for acceleration of pubertal height growth (take-off) (20),
was 14.98 (0.70) yr and the mean age for peak height velocity
(phv) (21), 16.60 (0.84) yr. In female subjects, the mean age at
take-off was 13.00 (0.86) yr, and at the mean age for phv, 14.46
(0.92) yr. These ages were more than 2 SD later than the average
for both sexes (22). Despite the marked delay in the onset of
puberty, hypogonadotropic hypogonadism in these subjects was
unlikely because full adult sexual maturation was ensured after
discontinuation of clinical follow-up by thorough telephone in-
terviews. The interviews of the participants and their family
members also revealed that none of the family members had been
treated for hypogonadotropic hypogonadism.

Mutation screening of LIN28B
Genomic DNA from peripheral blood leukocytes of the sub-

jects was extracted. The four coding exons (exons 1–4) and the
exon-intron boundaries as well as the 3� untranslated region
(UTR) fragment containing miRNA recognition elements
miRNA recognition element (MRE)-A and MRE-B (11), of the
LIN28B, were PCR amplified from all subjects. In addition, the
3� UTR fragment was screened in control DNA samples from
100 healthy control subjects from the same geographical region
(blood donors from the Finnish Red Cross Blood Service; 70
males, 30 females, age ranging from 18 to 65 yr; median 51.0;
mean 48.2; SD 12.7). The PCR products were sequenced in both
directions, and the sequences were aligned and read with Se-
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quencher 4.9 software (Gene Codes Corp., Ann Arbor, MI). All
primer sequences and PCR conditions are available on request.

Statistical analyses
Fisher’s exact test was used to determine statistical signifi-

cance (Simple Interactive Statistical Analysis, SISA, http://www.
quantitativeskills.com/sisa/). All P values are two sided, and P �
0.05 was considered significant.

Results

Mutation screening of LIN28B
We screened the LIN28B coding region and the 3� UTR

miRNA recognition elements MRE-A and MRE-B in 145
subjects with CDGP and found no sequence variation.
However, in the 3� UTR, a heterozygous deletion of CT
just before the MRE-A was found in 15 subjects, and one
subject was homozygous for this variant. These 16 sub-
jects (11 males and five females, all with familial back-
ground of CDGP) did not differ from the noncarriers in the
degree of pubertal delay [mean (SD) age at take-off 15.13
(0.88) yr vs. 14.96 (0.68) yr, P � 0.47 in males, and 12.68
(0.94) yr vs. 13.07 (0.85) yr, P � 0.38 in females, mean age
at phv 16.89 (1.52) yr vs. 16.57 (0.77) yr, P � 0.49 in
males, and 14.38 (0.27) yr vs. 14.48 (1.02) yr, P � 0.85 in
females]. Other characteristics, such as ages at attaining
Tanner stage II or childhood growth patterns were also
similar (data not shown). The variant was also present in
the controls (16 of 145, 11.0% in cases vs. nine of 100,
9.0% in controls, P � 0.67, Fisher’s exact test).

Discussion

Recently variation in or near the LIN28B gene was found
by four different research groups to be associated with
pubertal timing in humans (6–9), and in C. elegans, lin-28
controls developmental timing (13). Thus, we hypothe-
sized that mutations/variants in LIN28B could underlie
some cases of CDGP. Such a finding would help early
recognition of CDGP and also validate LIN28B as a reg-
ulator of pubertal timing. However, the fact that the
LIN28B coding region did not contain any sequence vari-
ation, a finding in accord with the lack of reported poly-
morphisms in this area (http://www.ensembl.org/index.
html) suggests that this gene plays a critical role in early
human development, and it may be that the defects in its
function are not tolerated. On the other hand, we did not
sequence the 5� UTR, whole 3� UTR, and intronic se-
quences that may also be important for transcriptional or
posttranscriptional control of gene expression.

In C. elegans, a gain-of-function allele of lin-28 causes
slower development (13). Thus, developmental delay in

humans could be a consequence of inappropriate activa-
tion of LIN28B or defective repression of LIN28B by the
regulatory miRNAs. We therefore screened for mutations
two miRNA recognition elements (MRE-A and MRE-B)
in the 3� UTR of LIN28B (11) but found no changes in
these elements. However, in 16 subjects a deletion of CT
just before the MRE-A was found. This variant, not re-
ported in the Ensembl Genome Browser database (http://
www.ensembl.org/index.html), is located in the vicinity of
MRE-A (immediately 5� of it) and might thus alter the
binding of regulatory miRNAs and subsequently affect
LIN28B expression. However, the presence or absence of
this variant was not associated with differences in pubertal
timing among the patients. In contrast, this variant was
also present in controls with comparable frequency (there
is no reason to assume that CDGP would be enriched in
blood donors). The presence of the variant in controls, one
homozygous carrier among the subjects with CDGP, and
the lack of any genotype-phenotype correlation within
this patient group all suggest that this variant is a poly-
morphism rather than a mutation causative for CDGP.

One might argue that the lack of mutations in LIN28B
in our patient series could represent loose inclusion criteria
of CDGP patients or recall bias in pubertal timing. How-
ever, all 145 patients with CDGP had been investigated for
pubertal delay in a university or comparable clinic by a
pediatric endocrinologist, other causes of pubertal delay
were carefully excluded, and even familial background of
CDGP was confirmed in nearly all patients, supporting
genetic background of the condition. Data on first-degree
relatives’ height growth measurements were collected and
timing of pubertal growth spurt, i.e. timing of puberty
assessed from growth charts (5). In patients, pubertal de-
lay was of pronounced severity with more than 2 or 3 SD

later than average age at appearance of secondary sexual
characteristics and acceleration of pubertal growth spurt
in girls and boys, respectively.

In conclusion, our results do not support a role for
mutations in the coding region of the LIN28B gene in the
genetic etiology of CDGP. Involvement of LIN28B in reg-
ulation of pubertal timing in humans warrants further
studies in different patient groups and populations.
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